donors. Clonal specificity was determined from the requirements for induction of IL-2 secretion. Autoreactive T cell clones CLA1, FGB1, and CLD1 are I-Ad-specific; KNA1 and KNA2 are I-Ak-specific. Among KLH-specific clones, CKC4 is of BALB/c origin, and KKC5, KKB2, and KKC1 are BALB.K derived.
Southern Blots. DNA was extracted from ~10 7 cells in 0.5% SDS. Samples were incubated overnight at 37 °C with 100 #g/ml proteinase K followed by extraction with phenol and chloroform. DNA was precipitated in 0.1 M NaC! with two volumes of ethanol for 30 min at room temperature. The precipitate was transferred (lifted) and readily dissolved in 2 mM Tris, 0.2 mM EDTA. Ethanol precipitation from 0.1 M NaCI solution was repeated three times. 10 #g of each DNA sample was digested at 37°C with 40 U Eco RI for 16 h followed by an additional 10 U for 3 h. DNA fragments were separated by electrophoresis on 0.8% agarose gel and transferred to nitrocellulose. Hybridization with P32-1abeled nick-translated probes (106 cpm/ml) was for 18 h at 65 o C. Filters were washed at 65°C in 3x SSC, 0.1% SDS and then in lx SSC, 0.1% SDS.
Northern Blots. RNA was extracted in guanidinium thiocyanate (Fluka Chemical Co., Hauppage, NY) followed by centrifugation through CsCI. 20 #g total RNA was denatured by reaction with glyoxal in DMSO. RNA was fractionated by electrophoresis in 1% agarose gel and transferred to nitrocellulose filters. After baking 2 h at 80°C, filters were washed once in boiling 20 mM Tris, pH 8.0, to remove any remaining glyoxal. Hybridization conditions were as described above for Southern blots.
Results
Hayday et al. (7) reported that a preferential rearrangement of one of three homologous genes for V~ and one of three genes for C~ give rise to an ~ 16 kb Eco RI fragment in all cytotoxic T cell lines examined. To determine whether a similar rearrangement occurs in L3T4 + T cell clones, we analyzed Eco RI digests of DNA from five autoreactive and four KLH-specific cloned helper T cell lines. V~ and C~ region probes were subcloned from a "y cDNA isolated from a cytotoxic T cell line (A. Iwamoto, manuscript submitted for publication). This cDNA uses the same V and J-C gene segments (15) as the "y cDNA clone first described by Saito et al. (6) . As previously described (7), the V~ probe hybridizes to germline 10.8 kb and 5.7 kb fragments, and the C~ probe hybridizes to germline 13.4 kb, 10.5 kb, and 7.5 kb fragments in an Eco RI digest of BALB/c liver DNA (Fig.  1 ). Hybridization to a 2.3 kb J region fragment was also detected but is not shown in this figure. Among differentiated T cells, a 16 kb rearrangement is detected with either the V or C region probes in DNA digests of seven of the eight helper T cell lines analyzed (Fig. 1) . In DNA of the KLH-specific CKC4 clone, the 16 kb rearrangement is absent and an ~14 kb rearrangement is detected. An ~21 kb rearrangement is, in addition, detected with the C v probe but not with this V~ region probe in all clones except CLA1. Retention of the germline 3, V10.8, C10.5, and Clz.4 restriction fragments is variable among the different T cell lines. The 16 kb and 21 kb DNA rearrangements in these cloned helper T cell lines are similar or identical to ~ gene rearrangements previously described (7, 9) for cytotoxic T cell clones.
Although ~, gene rearrangements have been detected in diverse T cells (9), ~' RNA transcripts have been detected primarily in immature or cytotoxic T cells (8, O) . T gene expression in helper T cells was assessed by Northern analyses of RNA extracted from autoreactive and KLH-specific cloned T cell lines. A 3, cDNA encompassing both V and C region segments was used as a hybridization probe for homologous V~ and C~ sequences. As shown in Fig. 2 , high levels of FIGURE 1. Southern analysis of Eco RI digests of DNA from diverse autoreactive and KLHspecific T cell lines. A "y eDNA was isolated from a cytotoxic T cell line (15) . An Ava I site at the v-J boundary was exploited to prepare hybridization probes for V and J-C gene segments. Blots of two separate gels were first hybridized to the J-C, probe (lower panels). Filters were then washed and hybridized to the V, probe (upper panels). Migration of ~ Hind III markers on the two gels is indicated. an a p p a r e n t l y full-length 1.5 k b 3, t r a n s c r i p t w e r e d e t e c t e d in R N A o f two I-A aspecific a u t o r e a c t i v e T cell clones, F G B 1 a n d C L D 1, a n d o n e K L H -s p e c i f i c clone, K K B 2 . 7 7 4 , in e i t h e r this o r l o n g e r e x p o s u r e s . T h e results o f a s e c o n d e x p e r i m e n t (Fig. 3 a) show high-level y g e n e e x p r e s s i o n in two a d d i t i o n a l a u t o r e a c t i v e T cell clones, K N A 1 a n d K N A 2 , b u t not in a fifth a u t o r e a c t i v e clone, C L A 1 . T o clarify the FIGURE 3. Northern analysis of (a) 7 and (b) a RNA transcripts in cloned autoreactive T cell lines. The same filter was hybridized to P3~-labeled, nick-translated inserts of first p5/10-13"r and then pa8(0.8), a C region subelone ofa murine a cDNA (Dr. Dennis Loh, Washington University, St. Louis, MO). After hybridization to the "r probe, the filter was washed three times in boiling 20 mM Tris, pH 8.0. Removal of the labeled probe was confirmed by autoradiography before hybridization with t h e , probe. KNA1 and KNA2 are BALB.K, and FGB1 and CLA1 and BALB/c autoreactive cloned T cell lines. significance of variation in the level of 3" mRNA detected in different lines, the same filter was washed and hybridized to a Ca probe (Fig. 3 b) . Although low in gene expression, the CLA1 clone expresses relatively high levels of a mRNA. Discussion 3" gene rearrangements similar to those described for cytotoxic T cell lines are found in all L3T4 +, autoreactive, or KLH-specific cloned helper T cell lines we have examined. High levels of 3" RNA transcripts were, in addition, detected in four out of five L3T4 +, class II MHC-specific, autoreactive T cell clones, and in at least one of three KLH-specific, class II MHC-restricted clones. Relatively low but significant levels of 3" RNA expression were detected in the remaining clones. This contrasts with previously reported (9) expression of 3" RNA in only 1 of 11 antigen-specific helper T cell lines.
3" RNA transcripts have been reported (8) to be most abundant in immature thymocytes. At this stage of T cell maturation, precursors may be selected for direct recognition of MHC-encoded molecules expressed in the thymus. It has been suggested, therefore, that the 3" gene product plays a role in positive selection of MHC-reactive precursors (8, 16) . If the 3" RNA transcripts detected in autoreactive T cell clones are indeed functional, then this observation would extend the association between 3" gene expression and reactivity to self-MHC. This may, however, reflect the origin of many autoreactive T cells in 3"-expressing precursors, rather than the specific function of the 3" gene product. Moreover, expression of at least low levels of 3" RNA in all three KLH-specific clones analyzed here suggests that the frequency of 3" gene expression in these L3T4 + helper T cells may be higher than previously anticipated (9) from analysis of T cell hybridomas and T cell clones selected under somewhat different conditions. S u m m a r y 3' gene rearrangements similar to those described for cytotoxic T cell lines are found in L3T4 +, autoreactive, or KLH-specific cloned helper T cell lines. High levels of 3" RNA transcripts were, in addition, detected in four out of five L3T4 +,
